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By D. Kiichemann
SUMMARY

When auxliliary Jet engines are instelled on eirframes, as
well &3 in some new designs, the Jet engines are mounted in such
& wey that the Jot stream exhausts In close proximity to the
fuselege. This report deals with the behavior of the Jet in
cloege proximity to a two-dimensionel surface. The experiments
wero made to find out whether the exially symmetric streem tonds
to epproach the flat surface. This report is the last of & series
of Tour partial test reports of the G8ttingen program for
the instellation of jJet engines, dated October 12, 1943, This report
is the complement of the report on inteke in close proximity to
a well,

I. INTROIUCTION

Conslderable confusion still attends the installetion of turbojet
engines as regards the discherging jJot, especially when it comes
neer other parts of the airplane and interfersnce phenomens are
posslble. If the engine is mounted mear to the fuselage, there is
epprehension that the Jot wlll adhere to it with consequent
undesirable heating and possibly also dreg increase. The purpose
of the present report is to treat these probleme in somewhet greater
detail.

The feared jJet processes are caused by the nearness of the wall.
In order to secure more general and fundemental deta, all special
wall forms were dlsregarded amd the Jet wes measured in the
vroximity of a flat well. This precluded the processes which
depend on the particular pressure distribution at the wall énd
in the surrounding space. Furthermore, the work was done on a cold
Jet, principally on account of experimental facility. The extend
to which fundemental phencomena were suppressed by it must be left

*'Strehlausbreitung in Wandnihe," Zentrale filr Wissenschaftliches
Berichtsvessen der Iuftfahrtferschung des Genoralluftzeugmeisters (ZWB)
Jieilin—.&.dlershof > Untersuchungen und Mittsilungen Nr. 3057, December 31,
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to fubture experiments.d As varisble parsmeters there remain
the velocity of the Jet, for which as criterion the mean velocity vp
in the exit of the engine model is chosen, and the outer

flow velocity veo; and indeed it suggests ltself to once conglder
the difference v, - 7, end then the quotient vp/v, as significant,

Another parameter is the dlstance a of the exit cone from the
well (that is, the distance of the point of exit closest to the
wall frow the wall), and lastly the design of the feiring betweon
engine and well will also play a part. In every case, the thiee-
dimensionel variation of the Jet downstream from the exit rnust be
msasured. .

II. CONVERSION TO OTHER OPERATING CONDITIONS

In view of the multiplicity of potentisl veriations, it is
desirable to establish simplifying commections. ¥or practical
purposes it would be more advantageous to be &bls to use easily
made stetic tests (wilthout stresm flow) and to compute ell phases
wlth stream flow from it. Such a process isg described in the
following: :

Tt is assumed that the genersl state of flow (v) results,
in first epproximation, from the supsrposition or the streem
flow (vo) with the Jot flow (v?'):

V=T : - ()

This implies that the Jot diffusion is to depend only on the
difference of the velocity in the jJot (vj) and outside of the

Jot (vo), so that the velocity v in the Torm (v - vg)/(va - vo)
for fixed particles is independent of the operating condition.

A .certain difficulty is involved in ths finding of the location
of these particles, thev is, to pass from the velocity transformes-
tion (1) to the related transformetion of the coordinates. A
rectangular system of body axes (X, y, z) is'uscd with x in

the flow direction and the time coordinste +t, with x = 0 {plane
of exit) for t = 0. Ths space coordinates of the particles

are functions of the time. Thus for equal time inbervels + we
got a relation between the coordinstes x,y,z of the perticle

in the gemersl flow (vo # 0) and the coordinates x',y',z! of
:the flow without streem flow (v, = 0). C

_ AiThe problems of model similerity and reproduction of the hot-jet
in wind-tumnel teoste eare discussed in reference L.
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Tt further is assumed that tramsverse flows can be disregerded,
hence that the velocity has the direction of the x -axis, so that
y=y' and z = z'. This leaves the comnection between =x and t
eand x' end t to be determined.

ax!
v = E{'; v o= —— (2)
odb as’
the velocity relation (1) then rezds
ax  dx! '
—_—= -+ Yo (3)
at at
vhich, Integreved, gives
x(t) = x7(t) + vt | (1)

In this equation t is yet to be eliminsted and to be replaged
with the aid of (2) by meens of the velocity v! = v'{(x!,y,z),
vhich is accesgible to meessurament: -

1xt axt

K =J o Tty (5)

In this manner the desired tramsformation of the coordinates

t/d
=_x', _ 1 "x_/ _a(xr/a) (6)
a 4a s _, Jo vt (xt,¥y,2)

Vo vt

follows from (4), mede dimensionless with the diemeter d of the
exit nozzle and the average veloclty vp' = vy - Vo in the exit

nozzle. This transformetion states that planes normel to the x-axls
are not meintained, but that according to the velocity distri-
bution v'({x!,y,z) the x displacement for the faster particles is
less then for the slower ones. In practice v? ,’VA' world be
measured; the integration carried out, ani the X .corresponding

to x' celuclated by (6). There the area of smell velocity would

cavse difriculties, especisdlly for the points X = O, »‘/yé_:-i- z2 > d/2,
since v¥ with x>0 must approach zer¢o in & ceriain way in order
that the integral mey exist. Moreover, the mmeirical evaluation

in this area requires extreme accuracy of measurement.
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A deteiled check of the practicability of these ascumptiqns
wag outside the scope of the present report. A thorough disgussion -
wlth consideration of the transverse motilons must be the oblect
of a speclal investigation. For the present, these assumptions
were, after several other simplifications, simply used as bagls
for the test program. Since the potentisl core with ite high
dynemic pressures and presimsbly high temperatures is of particular
interest in the application, v? = constant wes teken
equal to - vp' = vy - vo. Therefore,

="Aoo (7)

This assumption 1is, of course, Justified only for the region around
the Jet axie up to the dissolubtion of the potential core; however,
in this reglon alone is the asswmption of velocity perallel to

the x ~eaxis satisfled. In view of the mixing ‘sotion, it would
physically be more logical if a mean velocity within the actual
mixing zone were regardsd as characteristic. The transformation (7)
hes the advantoge of always permltting measurement in planes where
x = constant.

x
a

r

ITI. EXPERIMENTAL PROGRAM
- In &all tests, the difference vp - Vo was kept constent (= 33 m/s).
The first operating condition with zero stream velocity was:
State It vg = 0; va = 33 m/s; Vpfvo =) X = X1,
the second, with comparatively low stream veloclity:
State IL: 7o = 11 m/e; vy = 44 m/s; Vafio = 45 x = 1.33 x!
and the third, with greater streem velocity:
State IIT: ‘.’o = 33 mfe; vy = 66 mfe; VAo = 25 E = 2x',

It was found during the measurcments that the states I and ITI
were in most cases sufficient for explaining the principal processes. .

The well distances themselves were limited to a few values, to
e = d (large distance) and a = d/2(small distance); for comparative
rurposes, data with the Jet motor were also measured without a
wall (a =w ).
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The lining between engine and weall was kept especielly slender
in several cases, since Kunzels tests had shown the importance of -
adequeate ventilgtion between Jet and wall. As contrast to this
"good" fairing, a particularly "poor" fairing wes used (figr 1)
These cowlings all terminated with the exit plans of the power unit.
In one instance, the good version.was shifted backward by zd and
cylindrically cut out toward the' jJet, creating a typs of "tummel."

A model engine with instelled blower was used. The measurements,
made In tunnel No. 2, included total pressure and static pregsure
In y end =z direction through the ,jet sxis at verilous, d_lsta.nces .
x from the exit nozzle. . ; :

IV. RESULTS

It is found that our lmowlecige of turbulent diffusion processes
is In no way sufficient to explain definitely the individual
phenomena..

1. Without Wall

Figures 2 to 4 represent the velocity distributions in the
Jet &t varloug distances fram the exit nozzle for the three
operating conditions. It portrays the convenbionsl pattern of
Jot diffusion end it must be conceded thet the foregoing simplifying
agsumptlions hold only very roughly. For the gredual decreage in
the potentlal core with incieasing distance the given trensformation
is practicel, but greater differences occur in the transformebion
of the mixing zone, which is in gencral smaller than the assumption
stipulates. If the coordinate relution (6) were more acourately
teken into account and thus the greater values of X ascribed to
the areas of lower velocity, the agreement woeuld be better. Such
sgreement would thon be cbtained in the houndary zone if the mean
veloclty in the mixing zone were used as bagis, whlle the dovietions
in the potential core would become greever. IL is roadily apparent
that oxect agreement is attained in no instence, hence that other
Phyelcal processes must aslso pley & part. These .are dus in peart
to the boundery layer on the outer engine surface which is particularly
plain in state IIT end by which the Jot is initially onveloped by
& cushion of retarded air; Dut with it the entire past history of
the outside flow 1s involved, ‘so that more generasl predictions are
rendered extremely difficult. Moreover, even Tor reasons of purc
botentiel theory, = difforent Jet secms to form with streem flow
than without it. While in state I & wectengular velocity distribution
exists in the exit cone and a Jet comtraction is scercely noticesble,
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the latter ls plalnly evident in state III a8 a veloclty irncreass in
the potential core. This geamstrical Jet deformation could be
induced Dy the shape of the outer contour which (in adhering flow)
gives the velocity at the edge of the nozzle an inwardly directed
redial component. The Jot deformed by the approach flow gives, of
course, a different basis for the miming o the Jeb.

2. Lerge Well Dipbance

In this instance, the falying with ite bowndary layer and the
boundary layer at the wall itaelf are Involved. For campearison,
the veloclty distribubtion in the boymdary leyer at the wall in
the unaffected state was plobbted in the same manner as in the
diegrems of figure 5.

In analyzing the results with the good TFairing in figures 6
and 7 the section parallel to the wall {y direction) discloses
practically no deviations from the corresponding sbates without
wall, Only the plenes hormel to the wall (z direction) manifest
et greater distance from the nozzle minor differences which reveal
a slight travel of the Jet toweard the well when no outside flow is
present. But in state IIT Just the opposite occurs: The maximum
of the veloclty distribution travels perceptibly awsy from the
wall. The weke flow of the falring is gcarcely noticeabls and
the boundery layer at the wall also appears to experience no
substantial variation by the flow.

On the poor fairing (figs. 8 and 9) the conditions are
different. While in state I the Jet atill seems to move a little
nearer to the wall than with the good falring, with streeam flow
it ceases to move awey from the wall end moves into the dead-air
region lntroduced by the falring. .

To get some idea of the form of the Jet in the various falrinws,
figure 10 represents the linss of equal velocity in & section normal
to the flow, as well as was pesgible according to the meesurements.
The good as well as the bad fairing shows a form no longer axially
symuetrical, which, however, ls flattened out at the wall side
in the first case and ovelly pulled toward the wall in the other.
The movement of the velocity meximum in different directions is
Plainly visible. According to this, it might be suspected that
the good ventilation of the space betwoen engine and wall with the
good falring forms a definite air cushion which pushess the Jet
evey from the well: This concept is supported by the conditions
in a horlzontal section through the jet in flgure 11.
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However, in spite of these dissimilarities, the effects ere
canmparetively small. In the yroximity of a flat well, the
possibility of & ventilation frrom the sides is so great as to
wreclude the existence of Jet edherence even with en extremely
poor fairing.

3. Short-Well Distance

One noteworthy fact is that the aferementioned processes
are repeated with the short wall distence, hence are not limited
to the comparatively lerge distance from the well. As with the
good fairing, there is a slight movemsnt towerd the well in
the absence of stresm flow end a movement awey from it with
increasing streesm flow (fige. 13 and 13). -

The fairing with tunncl extending backwerd beyond the afterbody
of the engine umit is of practiccl intorest for the reason thet
in many cemes i1t is the only wey to obtaln a sufficiently elongated
form. This fairing likewise exhibits no markedlyr unfavorsble
behavior. The Jet naturelly adheres in this case ab the tunnel
(rigs. 1h end 15). This tumnel surface was therefore to heve
no projected area in the flight direction for reasons of resistance.
Since, however, the tunnel must be adapted to the form of the Jet,
and this 1s not known at once for the different onglne units,
difficulties may arise, so thet, if at ell poesible, such a tunnel
Tairing should be avoided.

It is perhaps not immediately comprehonsible why in these
measurements only these few generelized types of fairings were
investigeted end the form of the fairing not Sfurther varied,
to establish, for exemple, which form could be still designated
a8 good. According to the cited results, however, tLe solubion
of such a problem does not appear possible at once, since it was
seen that geometrical conditions such as the form of the afterbody
of the engine unit or the past history of the outer flow have some
offect on the phenomena, so thet e separation of these problems
from the others for the installation of given corditions seems
herdly correct, and the Reynolds mumber and the temperature
conditions would then algo have to be teken invo account: Hence
the limitation to basic experiments. That the conditions in an
installed jebt-propulsion unit are similsr in the fundsmental
Phenomona is shown by the wind-tumnel tests on an auwxilleary
turbojet wnit model mounted below the fuselage on the Heinkel 219
(referencw 2). So, in order to be mbsolutely certain about the
Jot diffusion for a specific design, a test on the total model
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is probably unavoldable, and Judged by past experiences, & water—channel
test 1s best sulted for this purpose. ' ’

Trenslation by J. Vanler
Netional Advisory Committee
for Aeronautics
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Lines of equal velocity in jet
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